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!• WftODUOTIOi 
Moj^ hologloal ©xpreislons of fetteroils may b® sought at 
various points in th® diploid phas® of th« lif® eyol® of a 
i®®cl plant# Consid®ratel« attention has bean given to the 
laorphologioal expression of hybrid vigor in maiae, from the 
tiae of seetS g®rMination to aaturity of the plant. 
Dry weight has been use^  a® the basis for compariion in 
TOSt investigations of heterosis as expressed during eeedl 
developwintt ®ie use of total, final dry weight of the 
oaryopaifi as a measure of th® degree of heterosis does not 
take into consideration differesoes whieh »ay exist in rate 
of growth* 
Statlatioal analysis of dry weights of »ai»® embryos at 
various intervals dtjring development have shown differences 
in the respeetive growISi rates of inbred and hybrid embryos# 
Because of diffioulties ©nootffltered in making mass disseetions, 
these investigations do not take into consideration possible 
differences in expression of heterosis in different parts of 
the eaibryonie axis, 
Srowth in plant parts consists of cell division, cell 
enlargement, and cell maturation or differentiation. This 
sequence of events, together with accumulation of materials 
such as stored food, results in ttse increase in total mass 
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©f th® plant oi» plant p«Ft, Most pF©vi0ias iweatlgationi of 
hetaposis hav® us«d aass as a maaitar® of gyowth, and have not 
«Hipbaslss®d fflorphologloal ei»it®ria of gi?©wtii* fh® pr®s«nt 
investlgatloB wai tMid«i?tak«i5 to ©xplop® tixB possibility that 
h®t®i*osis May b® ®xpi*«ss®d in histologleal and aorphologlaal 
d«T®lopiwiit of dlff«r«nt parts of tb® »ai«® ombr^ o. 
•g-
II. aifiiw OP hmmA'imt 
Til® litftratmre p#rtmiBl»g t# ©ouparatlv© de'e-elopmsBt of 
intortd .an4 liytopld • «ifflb2*yos aay b® • «aiiria«'-d into two • oattgorles i 
U) itudies ifeiob h&m «8®a w«i^ t as tha basis for eoaparl-
8©B| C2} stu«!ll®s ftoieh haw us««3 eytoXogieal, histological or 
fflorphologieal obs«nratioBS as a basis of ©oaparlson b®tw«®i3 
iubreSs aiii hybrids • 
last (S) r®f>ort««3 that hybrid aala® embryos «3id jsot 
always «xo®®i th« parent inbr««3a In sis®, whereas Murdoch (9) 
found hybrid embryos ®Aibit®d greater final 6Tf weight than 
either parent* Shafer (It) eoapared final dry weii^ ts of 
the eabryoiiie aiEis ©f inbred «nd hybrid »aize# Some hybrids 
showed embryo axes no heavier ths® thos® of their parent 
inbreds# other hybrids ®pew at a mueh faster rate than either 
parent*^  
Ashby (1»2) determined tad compared weii^ ts of the 
embryonic axes of inbred and hybrid aaisse# le found sigsifi-
©ant differenees between the inbreds and their reeiprooal 
crosses and also reported sigtiificsut final embiyonle axis 
weight differences between reciprocals# These differences 
between reciprocals were attributed to aateraal influence# 
He suggested ttoat rate of growias was deteralned by ttie more 
vigorous parent and that this difference in rate of growth 
was of pl»ia® iiaportane® in final development of the mature 
plan^ t# ftoese eon«Ins lone stljaialated adaitlonal investigation, 
Spragm® (13) showed that hybrid embryos may be smaller 
than> equal • to* "• or larger than ttoe •maternal inbred# • He pointed 
out that since th®' hybrid and inbred sygotes 'are of practleally 
identieal'wel^ ts, differences in mature indicate dif­
ferences in growlis rate," and suggests that'the growtdb of the 
hybrid is'determined by the e0Biple;»«ntary or additive effect 
of genes from, both parents. 
Pfi^ dlclc and Sprague (10) reported comparisons between 
dry weights of toybrld and Inbred laalze embryos grown 'on the 
same ear» Mature kerneli were ioaked in boiling water S 
minutes prior to dlsseetlon#' &sth parents appeared to exart 
some' Influenee on eabryo iwight# Qerm aiae in reeiprooal 
hybrid kernels varied ^ greatly• 
Bernstein '(S) found that hybrid embryos of maize were• 
superior to Inbred embryos durtog the flrit three weeks after 
pollinatlcaa # • Failure • of the hybrids to maintain superiorl'ty 
in later stages of eabryo development, ftoen coapared on a 
dry wei^ t baels, was aioribed to differences In water rela-
tionshipe-
leaipton and Meliane (7) reported • tta^ at hybrid embryos 
exceeded Inbred embryos in rat® of inoreaae in•dry weight 
during early development. These dlffarenees in rate of 
#liaiig# Ib i3ifsr 41d not ?®a&in oouitast throiaghoats 
«i^ i?yoiil© growth • 
#Foas»ana md Spragu® (%) oo«par®«3 &vj weight® of ttmbryos 
in pop a»<3 dent Inbroda aad their reoiproeal hybrids. Biffer-
•hoes between the deat iubr®*! m& the 4a®ht x pop hybrid w»r« 
not sigalfieajcit. the pop m dent hybrid was ai^ ifioaistly heav­
ier ttoan th« pop lBbr®<i« fhe rate of inerease of dry weight of 
eabryo is th® dent inbred and in the d«iit at pop hybrid were not 
algnifioaiitly difforent# the pop x dent il^ brid «xe®edod the 
inbred pop in rate of inoreas® in embryo weight. 
Invettigationa mtillzing i^ tologieal, hiatologioal or mor­
phological criteria in comparing inbred and hybrid maiae enlupyoa 
have not been ntameroua, Blndloss C4) compared pl\mular aeri-
atema and nuclear volumea in inbred and hybrid mala® erabryoa* 
Material uaed conaisted of pluaulea from mature embryoa aoaked 
in water IE hours prior to diesection* fhe linea uaed were 
the laiB® aa thoae reported by Aahby (1,2) , Hybrid vigor in 
embryo weight and In poat germination growth had been reported 
for theae lines# fhere was no correlation between reported 
wei^ t of embryoa and aiae of plumular meristema. fh® aiz® of 
th® meriatea in the hybrid appeared no greater than that of 
the larger parent, i^ aitlve correlation between nuclear aia® 
and heteroaia waa indicated in only on® of the Miree paira of 
reciprocal hybrida atudied. 
Miaa Magee (3) compared organ initiation in embryoa of 
Inbred pop and dent mala® and th® reciprocal hybrida. Tim® 
•6 
©f leaf initiation wai us®d aa a criterion for eompartug 
d«v«iopm#iit# Botb r«oipro©als ©adbifeitad batarosia 
wbaii eomparad with their famaX® parenti in tii^  of leaf 
initiation# Eadicl® devalopiaant wai compared on th© basis oft 
(1) tlae of•formation of the elaft between radicle and 
coleorhiaaj afid (2) ti«e of enlargeraent of metaasyleni elementa# 
fhe reoiproaal hybrids surpassed both inbred parents in'radi­
al# development as j\^ gei bj these criteria# fhe hybrids 
showed differentiation of the proeaablal strand in the 
iOtatell\iii earlier Itian did their female parents# In shape# 
the hybrid eabryos reseiabled their female parents. 
III. mfiiiAi, «D mmmm 
fhe Intewd lliaes of m&lzm natd 1b thes-® atuaies mre 
fw»ish®d by Bp» 6# ?• Spragu# ©f th© Iowa Stst® Coll«g« 
i3Eperlffl®»t Btatioe# .Those Iteea ©fes3»«r3 for sttatfj w«r® 1205, „ 
mm,, mv?» BI349, mi4S, 104O1» 0«4g0, mi 0s486. Prtllml-
iiary plaRtinrgs wtr® »ai# in 1940 in .Mma» Thme ®l^ t inbradi 
war# ^ iTiiad into four palri as follows t (1) 1805 ana liSaS} 
C2) mvf wa BlS4ij (3) B134S ana le401j (4) 0s420 and 0«486, 
All inbred® were aibbed and reeipr©cal erosses war® made witfa 
«aeh pair» fbr®® sibb«d ®ars «3d •Qara© erosaed ®ars froia 
«a©b lln« -mre eoll«et«d tw© days aft®r pollination and there­
after at fiv® day intervals, fro» 6 to 40 days after polli­
nation* .Kernels wer® reaowd from tb@ central portion of 
eaeh ®arj, killed in otoroae-aoetie formalin and embedded in 
paraffin# Kabryos r«iaoir«d froa kernels and processed , 
separately for all stages from 20 to 40 di^ s» longitudinal 
seetions and serial 'traniTerse «®etions w»r« »ade and stained 
with .a number of different stains,> ineluding safranin-
haeaalumj, ;i^ ieh was found to b® the »ost satisfactory. 
Examination of this laaterlal disclosed considerable 
variation between kernel® from different ears of tto© aaia® 
line at th® sa«e age. It was therefore oonaidered nee-
esaary either to inerease iaaple aiz® or to find otaaer means 
0f ainlffllztog variation du© to eisvlrosatttt# fo aocoiapllaia 
this, tb® saa® intor®^  li»®s w«r« growia at Ani®a Ib 194®, and 
a ipllt»®ar pollination techniqu® was devised, so that both 
sibb®d 'and crossed k:e3ro®l« wer# o» tii® saia© ®ar» A. median 
loisgittadinal split was aad« at the tip of «ach ©ar at th® 
'tim® th® silks were mt feaolsi, approximately tw®nty-fota» hours 
prior to•pollination* fwo glassin© ear shoot bags wer® 
fastened hack to haek with a .strip of Manila paper whioh wa« 
rigid ®nom^  to b® slipped into the split ear. When th® 
iilks had' p»own out, on®-half of th® ®ar was sibbed and th® 
other half crossed* 
Poor-seed set was obtained in som® linos, and this, 
coupled with poor sti®d, resulted in th® ©limination of linei 
1206, 1^ 89# BI54S, and Me401 froa extensive study# fhree ears 
from ea©h of the other four linea, 1S17, B134i, 0a420, and Os-
426 were oolleeted two daya after pollination and at five day 
intervals, thereafterfroM S to 40 days after pollination. 
A sanpl® of approximately fifteen kernels was removed fro» 
Just below th® center of «aeh half of ®a®h ear. th® 2 to 15 
day kes%ela were triwaed and killed whol®. .m later stages 
only diaseoted embiyos were killed# fhe dehydration and 
enbedding schedules used were those described by Bass (11)• 
ihole kernels of the younger stages wer® ©ut in longi­
tudinal seotion and transverse seetlon 10 to 15 microns in 
thieteess* Individual eabryos of the older atag«s w®re cut 
at 10 jaioFOBi 111 eo«pl«t# serial tfanswrs© atetloni fro® 
•&hQm the apical mtrist®® to tiie rtgion of th® <?aljpti»a» 
fh.®@© s«rial ti*a»sv©i»s® ma^ « it posaibl® to 
«x®«i!3® all l«v®ls 0f th# «Jii>rf© eritieally# Four regions 
of th® old«r k®m«l« w®r® ebostn for ®xt®n8iv® eoaparisons. 
fb®a® w®r®i. (1) th® apieal »rist«a at tai® l®v®l of ini­
tiation of th® 7omng«®t leaf| {g) th® first int«raod® abov® 
th®'scut® 11mI (S) th® region of s®ainal roo^ t initiation j 
(4) the ra^ iel® at th® aost proxiaal region at whieh it la 
separated froa th® coleorhisa by a eleft. 
Microseopie enaniinatioii of serial sections revealed 
that U&Vf and BlS4i iaiff«r®<3 eansiierablj in development* 
fheee lines and their reelpi^ eal hybrids were therefor® 
cho««n to b® eomp'sred by aeatmreaent of trans vera® sectional 
ar«a at -seleetti levels# 'fraasverse seotioni of the pituattle 
at th® 'level of the apieal aeristea were projeoted and 
drawn# A MA^ aification of' 2%&m wa® used for 20-day embryos, 
and lOOx for the 301, Si, and 40 day stages#' fh® transverse 
aeotional area of the ooleoptlle, eaeh leaf# and the apical 
meriatem was meaeured with a plantmeter and tabulated in 
terms of S'^ quar® lailllaete'rs of aotmal area, fh® transverse 
area of. the ©ortex and stole of the first intemode was 
determined for eaeh line at SO, 255, and 40 days. 
the radiole wat meaaared at the most proxiaal level at 
whieh it is separated from the eoleorhi«a by a eleft* 
Meaiwwtnti wer® »a<i« of ai»«a of st#3.®> ai^ a of coi*t®x, asa 
total traoswFi® aF«a of all «l®iB®nt8 pmsmt^  
Ar«a of m9tmjl0m ®l®n®»ts wai ^ ®t®rfflli5®a by air®i»aglng 10 
plaiilMtar readings fof «aoh m®ta3rjl®« «l«m«nt at & magjsifi-
•©atlois of 810X a33d e©«wi*tlng tls® reading to s^ aap® mlcrona 
of actual area. 
At til® lewl of seminal root Initiation it was found ira-
ppaetleal to «afe® eoapapiions on tfe® basis of area m®asw®» 
«i®nts beoaus® tb® «®«lnal foots aris® at an angl® to th® rmim 
axii* and th«i«'roots are eut obllqm®ly nfcen the ©rabryonlo 
axii is m% traniwrs®ly# ffe# lines w«re comparad at this 
l«v»l on tb® basis of r®latiT« tim® of aaainal root initiation 
and visual, avid®no® of gtomth. ani diff®r«ntiatlon« 
Gorapariaona b®tw«@n lines at ®aefe ag® w«r® based on tbe 
examination of 10 eaferyoa of ©aeh line# fbe ten embryos in 
each saaple were obtained by seleeting three embryoa at ran-
do» from t«o of tbe three ears eolleoted at a given age» and 
fow embryos from tbe, third ear 00lieeted at that age. In 
eaaes where the third ear did not show good seed aet, 6 
ewbryos were exaaiined fro® each of two ears, .in either caae« 
for each embryo in the inbred sauple, ther® waa an'embryo 
inelxaded in tli®' hybrid sf®ipl® frow.ttie at»e ear at the aam® 
le'rel. 
lieroseopie examination of embryos at 5 day interval# 
froa i-40 days# and tranaverse area i^ aamreMnta at tiaree 
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in th® oMm stas«s s®rv®a as a basio for coaparlng 
i®v«lopa®!at of lnbi«®<ls anfl th«ir reelproeal bybpias. 
•11" 
ommmfmm 
fb® o1)s®rrations iweltii® th® fOimlts of raierosoopie 
ftxaminiitiona of liibred anfl Isjtsrtd «»feryo8 at differeut ages, 
and traaaT®fs« «r®a aeasw®m®nts of «®topyGnlc organs of th® 
tohF®ds 151? an<S B1349, and th«£r i»®elproeal hybrids# In 
th« analysis of measurement data, it was desired that oom-
parlsons be madei (1) between Inbredsj (2) between hybrids| 
C3) between Inbred Wll and hybrid 1317 x B1349| (4) between 
inbred B1349 and hybrid B134f x E317. fh® first two eom-
pariaons w®re aooompllshed by analysis of varlanc®* The 
rewaining orthogonal degree of freedom eontalns no infor­
mation on either of the remaining tii»:» eoaparisons. There­
fore, the least signifleant dlfferenee was used as a device 
for ooraparing the hybrids and their aiatemal parents. 
Hepeated applioatlon of the least slgpifioant difference to 
a set of aeans alters th® probabilities involved, so that 
only approxliaate testa of sipjifleanoe may be obtained. 
These approximate tests for slpiifioant differences in size 
KWire used In oonjiaaotloi with aorphologieal and histologioal 
evidence as a means of coaparlng embryo development. 
1^8-
1. Bafly Imtoryonio Deir®lopm®nt 
fw© days after polltoatioii tbe Ijnfersds L317 and B1349 
and ttatir two reoiproeal hytorlis thowed no ot5vlous aiffei?-
tno©a in d®ir»l©pii«nt. Foui? t© eight endospeyia nuolei were 
observed in the eabryo saes ejsaKined and no diviiion of the 
Zygote was noted. Five dayiiCter pollination, difference! 
in embryo developaentt ii»e luad shape were evident. Actual 
differences in embryo ais# at thia age cannot be measured 
readily, but 1317 was found to be obviously snaller than 
BlS4f# fhe reciprocal J^ brids were intermediate in embryo 
si»e» 
labs^ o shape differs to lines of aaiae. The embryoa of 
B1349 and both reciprocal hybrids are loa^ what flattened on 
the anterior face and at five daya show evidence of increased 
weriateaatic activity in tdae region of plumule initiation, 
fhe 10 and IS day embryos of 1134® were found to be more 
advanced than tJ&Vf in plumule developaent* lo obvious dif­
ferences in radicle developoent were observed# fhe hybrid 
embryos were interwdiate' in siae. 
2. Bevelopsient ©f the fluaule 
The region chosen for comparison of plumule development, 
in inbreds and hybrids, was the transverse section at the 
level of the apical aeristea CFig. 1)» JDta transverse aspect 
StaiiiagraiBmatic drawing of a 
traMSirinyse aection of a morplio-
i0gi@a2.ly mature nialx® embri-© 
sbswlBg Co, Coleoptilif j Id, first 
leaf I W, aeconi Itaf# Mid mermg»* 
mmt &t @tb«r l«af«i» 

at this leirel, th# ©abryoi of th# inbreda LSI? and B1349 
K ai»® Quit® differoat in siiap®. fh® pltmul® of IiSIT la ®Hipti-
©al in traBsv«rs® seotlou, ®xe«pt for a slight flatt®nii3g 
on th« anterior fae® (Fig. i)* fta® pltaaule of B1349 is 
elongated in a plm® perpendieular to the anterior face, and 
soaewhat tapered .on the anterior afid posterior^ edges (Fig« S ) .  
the emhryoi of the reeiprooal hybrids are interiaediate in 
shape# but toad to resemble their female parent {Figs* 3^  4), 
Mioroseopio exaaiBatioiai reirealed differenees in biitologioal 
deirelopiieut of the plinattlei of the differ eat lines# 
fwe»ty dayi after pollination the marginal leaf meri-
@terns of B.1349 exoeed IS17 in aetivil^ * ®3e ®xt®ijt of ao* 
ti'^ itj 1® these meriiteaa oannot be ©oaipared readily by... 
meas'uro»e»t but «ay be judged'by the extent of oYerlapping 
of the margins of the older leaves# and by the visual evi-
deno® of marginal expansion to the younger leaves (Figa# 2^  8)« 
the inbred BlS4t exoeeda tMVf in lateral expansion of both 
leaf no. I and leaf no# 0* fhe hybrids appear to be inter-
mediate# and reseabl® their feiaal® parents in regard to 
a^otivi^ 'of marginal leaf aeriateas iFigs# 4# S)» 
Differences were alio observed between lines in the leaf 
initiating aotivity of apieal meriateaii. At 20 dayt# the 
third leaf of I^ Vf eonsiato of a ridge of cells# two to throe 
oells thiok along the anterior face of the apioal laerlatem 
(Fig# 2). Kie third loaf of HS4f had already iand«rgon® 
fig* 2* ffipaaiwrt# s«©ti©ii of plwul# 
®f WTf »kowlmg 
eoidoftild, tm 'leairon aad tM 
ala^ tj# ]pi*l,a®i!^ iiMi of tfa® tMsPi 
X«&f» @0 x90 
fig# I. fi»aaif®3?»® aeetien of piwttl» of 
ll$4S iliowlsig %h& eoltoptil® 
a»S thme l§mmp '20 iays. je@0 
fig. 4m of th« plwml® of 
^Wi4 mif X llS4i, BO day#, *90 
fig. i. amtlm ©f tli« pltiamlt 'of 
fc^ rT^ ria ilS4i X  m i f ,  m  iays. 3#® 
-15b-
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eonsMfratel# e« 11 division and is t well-d®fiii®a l«af, fow 
to fi-^ ® c«lla thi<5k (Fig# S). ffe® hfbTMM mpp®&T to b® int«i!»-
aeditt® ii3 tb® l®af initiating activity' of tb® apical M®ri-
St«M« 
Compapiaona b®tir®©n tb® inbr®da, and b«twe®n tb® raeip-
j»ooal hybrids I, on tb® basis of ar®a measwements of pl«a\ilar 
organs ar® pr«aanted in fabl® 1# 
fabl® l*. Analysis of fariane® of fransvars® 
Seetional Arias "of fibular Organs, 
8,0 Bays after follisation* 
• -g.g, • •• M.Si. tor f«s%ing tb® 
B«tw®®» Witbln _Siffor®ne« ^ tw®®n 
©roups Groups laWads %brids 
(S d>f») {36 d.f.) {1 i«f.) g d>f.l 
Col«optil® Sa8f* IS© UUl^ 312 
1st l«af ISO® m 92 
2nd l»af 220 7 594## S 
3rd leaf 1@ I §4-## 1 
Apioal laeristea S3 I a 
J^ ll entries 36 10"^  ^^ 
W larg«r tban tabmlatsd 1^  Talm® 
Si©3ifioant dlff®r0ao®s b®tw«®» tb® two inbred lin®s ar® 
indicated, wter®as,, differences b»tw®®n tb® two reciproeal 
Iqfbrids ar® non-sipiifieant* 
M®an transfers® artas of plwattlar organa of 10 differsnt 
embryos of ®aeb inbred and «ach hybrid 20 days after polli­
nation# and .l®ast ai®aifi©ant diff®r»ne®s are inoludad in 
-17-
fabl® S... fht Isjljria 1S17 x B13.49 Is si^ lflcaistly larger 
tbffla th® inbred '£317 in atan -area for all organs ©xoept 
It'ftf so# 3. fh© inbred BIS49 ii sigBlficaBtlj larger than 
th© hybrid B1S49. x £217 in meaH' area for all organs# 
Table g# Mean fra»sfers# S®etio»al Area of Plwroilar 
Organs SO Bays after PollinatioB# 
'(in St*' tm*) 
—issiri—wtm—i::^ :^ 
B1549 1^ 17 
Ooleoptlle .ISSi ,1501 .1S80 .1381 .014S 
1st leaf •OSSl mil •oie4 .0818 .002$ 
2nd leaf .0180 •mm •oisos •02S9 .0032 
•3rd: leaf •oots *oom •00S7 .00S6 .0012 
Apical iieristem .00S@ •0075 .00831 .0108 .0012 
Meaamremesti of trwaswrte seetioual area of embryoa 
SS days after pollinatioB were not made# ®be inbreds and 
reeiprooal bybrids raink in ttie S8*« order as at 20 dayt on 
tbe basis of developffleiit, exoept ^ at differeaees between 
B1S49 and 11549 X £517 were not ©bvioui f)^ m Tiiual exami­
nation of marginal leaf oeriiteaii and apical aeristeaa* 
Tblrty days after pollination, all of tbe embryos of 
IiSl? examined except one^  ^bad initiated tbe fourth leaf* 
whioh appears as a ridge of oella along the posterior face 
of the apieal aeristea CFif# ©)• fhe inbred B1S49 has a 
well-defined fourth leaf with proiraacular strands evident 
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{Flg. f). hybrid 1317 x B1349 exceeds IS17 Ib develop­
ment of the fourth leaf but does 33ot equal the male parent 
(Fig. 8). the hybrid B1S49 x 1317 has a well-defined fourth 
leaf with efldent provaseular strands. In aotlvlty of 
marginal leaf Mtristejas, B134i exeeedi 1317. The hybrid 1(317 
X 11349 is intermediate and resembles Ita female parent 
(Pig. 9)» fhe reclproeal hybrid 1® not obviously different 
from B1549. 
Cofflipariaoni between inbreda, and between hybrids at this 
age are presented In fable S. 
fable toalyais of fariiffiee of transverse 
Sectional Areas of fliMular organa, 
SO Days after folllnatlon# 
g-g- it.s. for feeiing iU 
Between • Wlthlii jDlfferenoe Between 
©roups ©roups Inbreds »brlda 
{g d.f>} Ci«ff) g d,f») (1 d*f>) 
Ooleoptlle STgSia MiO m 93708^ * 9724^  ^
1st leaf 38@@ urn m 18911^ « 
2nd leaf ii m 42iS«« 911*» 
5rd leaf 271 13 720*« m* 
4th leaf im m 27S«« 16« 
Apical laerlsteM 21 1 3® ®1«« 2 
® All entries X 10*® 
larger than tabulated value 
larger ttoan tabulated value 
fhe differenoes between iabreda are slgnlfloant for all 
measurements, fhe hybrids are algnifioantly different exoept 
for the areas of respeetlve apical aerlsterns. 
Fig. i. frftotwra® «®etlon of tbt pluaul# 
of intofftd 1^7 stowing 
luftvea, 50 days* x60 
Fig# 7. fraasv#!'®® s«etlo» of tli« pltiwul® 
of th® into?«d B1S4@ sbowlng four 
l«af^ ®g, 30 ils^ s. s60 
Pig. 8. fi*aBi8ir®rf« i«ctioKi of th« pluwul® 
of tlie bybrid IiSlT x B1S49 showing 
four l®ftT®s, SO (Say®. x@0 
Fig. 9. fraEi«v«rs® saetiojs of th® pluiaul® 
of ^ ® liybri^  B1M9 x IS17 ®bowing 
four l.«a?®a» SO days. x60 
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i«it» traiaaverse s®ctional artas of pluattlai* organs and 
l«aat slgotflsfljnt 4iff«i?«nets appear in table 4» 
fabl® 4. laaii friaisvera® s®@tl©iial ar«a of plumulai* 
organs' ,50 baya after ,p0,llli3atioii. 
clp §!• »®.) 
' *lf|f "S' juSJ* e <3C 
bls4i 
b134@ X 
ml? 
m$4§ w"''-' •U» 
0ol®optil® •3si4 •4049 •44i9 •4633 ,0463 
lat leaf *.146$ •1?0§ •ios? •t0?3 •0203 
2nd l®af .060s •oiso .0811 .0798 .ollg 
srd leaf .oi?i *022® •02ii •03@a .0044 
4 th leaf •0054 •oots .0104 .0114 .0020 
apieal aeriat®m *oom •00?« •00S8 •0094 •oois 
meat] iralufti for tja® hyferii ml? x b154i ar® aig»lfioantly 
larger than thoa® for. th® lijl>r®i imlf* the aiff®r«n©®a 
between b1m9 X 1317 ani bls4f ar® non-ai^ifioant. 
fmrty-fl^e ilays after polllaatioii the embryot of IS17 
vary in regard to tto® »i»te®r of l®avei pr®s«nt« fhr®® of 
th® t«i) oaibryoa ®xani»®i bai not initiated tb® fourth leaf* 
fb® r®»aitii»f seireii embfyoa of ii3l? ejiaminei at this eg® hai 
form$& tbe fourth leaf priaor^i^* fbe inbr®^ ©abryoe of 
b1549 bav® fiv® leair«s» fb® .fe^brii 131? x 11s4s has at laaat 
four l®av®0 present in all embryos ®3taraine4t anfl tb® fifth 
leaf is present in ®ight of th® t@» fiabi^of. fbe hybrid 
,1134© x Uil? ba® flm leases* la activity of marginal l«af 
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131? jc B1S49 ®xo®®«Ss its fanial® par«nt# fher® 
mm so obvious differeiQC®® between th® liibi*®d B1349 and th® 
bybrid 11349 3i mi7^ 
Go»parisons b®tw«®n iabreis aa^ b®tir®«jj hybplis ar® 
pi»«8®nt«<3 In fabl® 6* , 
fabl® S. tealysla of f&rimm of fraasvara® 
i®®tio»al li^aa® of flumular Organs» 
5S Bays aft«i» folliuatioa. 
' •• fcs» ' 'for'tifastlug t^® 
lafeif®®0 WitMn Plff®i?eBoe B®tii®®a 
§^vtp§ Qrompa iBbreli ftrbplda 
(a (i>f>) (ia.f>) (1 <9,f.) 
Coleoptil® S1783* im$ if. 81409*^  6$46* 
lat.leaf ^ 10310 mi m 24221^ 46S1* 
2nd l®af gi@@ 191 m S44S«* 2§m^* 
Srd l®af fSi 41 ' if leso"** il6*» 
4tb l«af iS IS • m. 207** 5 ^ 
Stb l®af i 1 24 7# 
Apieal gi®riat®a 7 $ • $$ IS* S 
® All ®»t3fi«8 X 10*® 
* F lai»s®if tbais tabttlat«d v&lm 
larg®!* tbais tabmlatei 1^ talw 
fh® dlff«i»eiie«s b®tw®«» inbreds ar® aigolfieiant. fb® 
diff«r«ii0®a b®tw®®» bybrid® af® sigaifleant ®3ie®pt for araas 
of the fourth l«a^e0 mn4 apioal isariatenMi. 
M®aH tmnarorae aeetlenal ar®a of pluiaular organa aisd 
l®ast aigplfieaat ilff®r®ii®®s app®ar In fabl® 6. fb® hybrid 
£517 31 B1S49 li larg®? tbios its female paraut in traiisv®Fi® 
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Pig. 10. friiniv«i*s« section of the plramle 
©f the iatorei Ii317 showing fotar 
lea'fest ani the ainute |)i»imoP(31m 
of the fifth leaf, 40 aays, xSO 
Pig . 11. Trans verse a eotion of the pluaaale 
of the inhrei B1S49 showing five 
lea-res, 40 Says. x&O 
Pig. 12. Transverse seetlon ot the pluwale 
of the hyhrld IiSlT x B1349 showing 
five leaves, 40 days. xSO 
Fig. IS. fransverse section of the plumule 
of the hybrid B1349 X 1,317 showing 
five leaves, 40 days. xSO 
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Gomparisona b«tw®«n liibip«as mQ h@tm%n hyteriis ar# 
pre seated i« fable .f • 
table fm IkBalyais of ?arla»®e of frausverie 
Sectional Areas ©f flmular Orgaua, 
40 Dagra after Foilinatioii. 
Between 
©roups 
.••I, 
Within 
troupe• 
Id.f.l 
1*S» ^or Testing tlhe 
Bifferenoe Between 
Inbreds &brids 
(Id.f.J Ti d.f.) 
Goleoptile iSOlS'^  . 1SS8 S© ^ 84iS0'^  60S00** 
Ist leaf 14@34 4iS 3® 13781^  11713** 
ind leaf 4431 Sit Si 4S00** SSSl-** 
3rd leaf @S3 ®6,. 36. , 451** 
4th leaf IS® 9 m 218^  168^  
Sth leaf li 1 m 3i«^  
Apioal meristea 3 I m 2 
® All e33tries at 10*® 
F larger tbas tabulated iral»o 
larger tba« tabulated 1% falue 
fbe aifferenees between inbreflt are iig»ifleant for all 
plwmMr organf . fhe l^brids also ilffer iiguifioastly, 
e;:Keept in area of apieal m^ iatemi* 
Mean trmammm aeetional area of plwular organa and 
least slgnifieant differenees are presented in fable 8. 
Tbe lagrbrid ItSlf x. B1<S49 Is slgnifieantly larger than 
its female parent* fbe bybrid 11M9 as t&V7 is not iignifi-
©antlj different tmm its female parent except is transverse 
seetional area of tbe eoleoptile and the first and fourth 
leaves• 
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tafel® ©• Meals Stotloual Area of Plumular 
03?ga»s 40 JJays after follinatioD» 
iln aq. «,•)' 
m ii' E317 X 
B134t 
• llS4t 3C 
1317 
B134@ L.S.D. 
Coleoptile ,45®9 *§17i •627$ .S670 •0452 
lit leaf • 189® Mm •@@23 •2424 •0259 
2iid leaf •0814 • 1102 • 1327 • 1114 •0217 
33?d leaf .0312 .0450 .054S •0488 •0075 
4tli leaf •0118 •OISS •022® •0184 •0036 
5th leaf •0007 •0055 .0000 • OOSg •0018 
Apical aes?i»tem •0076 •OOiO •00@S •0086 •0012 
$m mmlQpmnt of First I»t«r»od« 
fh« first iiit®»©d<i of th® m&l%e ©iriairyo is that portion 
of th® ©Mtoi^oui© axis which li#s b®tw«®r3 th® soutellar plat® 
i««3 th® O0l®optile iioa## A® ®mtoryo approaeh®® Maturity 
th®r« is oonsiderahl® grow^ in this r®gion» primarily as a 
r®8ult of 0«11 ®nlarg®»©et# frantwra® 8®®tional ar«a 
raaasuraments of oort®x st®l® w®r« taican at oomparahl® 
lev®!® ij®ar th® basal portion of this intertjoi®, aboT® th® 
ragion of saainal root initiation. Comparisons war® llmit«d 
to «»bryoa ooll®et®d SO, SS, and 40 dig^s aftar pollination. 
Sine® th«re ar® no obvious histologleal dlff®r®na®s b®tw®«B 
th® Inbreda or hybrids at this partioular l®v®l, oofflparisont 
ar® bas®d on trMis¥®rs® seetional araas. fabl® 9 presents 
comparis<»a b«tw®en inbrads and b®tw®®n l^brids at SO, 3S 
and 40 days after pollination* 
fh® inbred 11349 is sig^ifioawtly larger than I^l"? in 
transverse seetional area of stel® and eorteae at 50, 3© and 
40 days after pollination, the hybrid B1349 z £517 is 
si^aifioantly larg«r than its reeiprooal at 30, 35, and 40 
days# 
M®an transvara® s®etlonal areas for eaoh inbr®d and 
®aeh hybrid and least signifieant differenoes appear in 
fabl® 10# fhe hybrid mVf x B134@ is signifioantly larger 
than its feaal® parent in transvers® sectional area of stal® 
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$abl0 ©• Aottlyais of of Ti»ai5»v®i*s« 
S«et£0»iil. Areas of tb« Ist ItaterEiodes, 
SO, 3S, an^ 40 Bays aft#i» PolXiiaatloii* 
M*S« 
Be.tween 
troups 
(S «.f.) 
It' ^  
Within 
Groups 
im i#f.) 
'for Testing ibe 
©iffereisee Between 
ttibreda %brids 
(la.f.) (1 <i.f.> 
SO Bays 
Oortaat ggoggga Ef®S i4is@i^  44274** 
Stal® mm g64 14iSl*^  1748* 
fotal S079'r8 38il 857394^  iseit** 
35 Bayi 
Gortax 2360S8 @sso 6S080S** 20608* 
Stala 14731 3@1 30264^  issgo** 
fotal iS870O ®00® 9@@1S1«* §7512** 
40 Bays 
Oortaat mmm S716 199400** 
Stela 16209 41S 17806*^  10S97** 
fotal S4©00S mm 12S6007** S00860** 
; All x lO"® 
* F larger tfeas tabmlated §51 v&lm 
**®* 3Larg«r than tabulated 1% valua 
-si-
fabl® 10. M®an fi*anair#rs« S«etional A^m 
of lit Iiit«rno4®, SO, 3B, aa^  
40 Baya felliisatioa* 
(i» if* w.) 
' M f '  
&1349 
ll349 * 
iaif 
mm IJ.S «I3. 
30 Baya 
e@pt«a: *47i2 .ilif .flOS .S3i6 .0640 
St«I« •loss •1II@S .16C^  .0198 
fotal •5Si& • f § m  .&mo .9996 .0768 
$§ Day# 
OortttX •§709 , f 4 m  •31Si .9399 •0764 
s%«lo •mm •I4ft • 1996 .ao6i .0240 
fotal .$9m •Sfi@ i.om 1.1460 .0942 
40 Baya 
C0JPt«x .i4S@ .8Sli i.osli l.OfSl •0920 
at«i« .14?® .l@4i •i404 •2216 .0248 
total .7954 l.OliS 1.2616 1.2946 .1107 
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and fljioept that at SS fiayi the &ittweme b«tiiif®©» 
^«n eoi^tx ai»«aa apptar noii-gigBlfteaBt. fh« B134i 
is aii^ifieantly larger l^ferid B1S49 3c mVf in 
tranaverie area of eortex# SO ani 38 iays after pollination# 
Fort^ iays after pollination tii® difference between laean 
oortex areas is non-^signifleant, fhe hybrid B1549 x W17 
ani its maternal parent io not differ significantly in 
transverse area of stele* 
4* Development of the ladiole 
fh# raii^lea of the inbreia ISlf aaS 11S49 and their 
reolprooal hybrida show no ©bvioms differenees in aotlvity 
of hiatogena# Blfferenoes in ahape of the tranarerae aeo-
tions wer«"obaervei» The radicle of .the inbred K17 if 
eiaiptioal in tranaverse aeotlon (Wig* 14) • the radiole of 
the inbred B1S49 is aoaewhat elongated In the direction per-
pendietilar to the anterior faoe CFig. IS), fhe reolprooal 
hybrids are intermediate in ahape (figa. 16, 17)• flaual 
obaervations Indleate that differenoea in radicle develop-
aent are ehlefly in rate of .eell enlargeaient. fhe chief 
region of eell enlargement is the proxiaal portion of the 
radicle, therefore, the region ohoaen for the eoapariaon 
of measurewinta waa the most proxliaal transverae aeetion in 
which the radicle la separated froa the coleorhiaa by a 
cleft, Oompariaona between tranaverae sectional areaa of 
Fig, 14. f^aniwrs# s«etlon of th® i?aai©l« 
of iBbr®d IS17, showing relatively 
lai*g® flt®l«, 30 <3 ays . jc60 
Fig. IS. fransv®!?®® section of the radicle 
of the Isbred B134f, showing 
relatively small stele, 30 days. 
xSO 
Pig. 16. fransveipse seetioio of the padiole 
of the Isgrtoyia 1317 x B1349, SO days. 
3iiO 
Fig. 17. fraiisverae aeotion of the radlole 
of the hybrid B1349 x UVT, 30 days. 
xSO 
•» 301d«» 
•51* 
til# lubi^ s^ itti€ the radiolts of the hybriaa app«ai» 
in fabl# 11. 
fhirty iayt after pollioation th® Inbreis 1317 anfl 11349 
do sot differ signlfieaJitly in traeaverse sectional area of 
the eortex of the radiele# the iabred LSlt is significantly 
larger tdaan ®lS4i In tra»«wrse seeticasal area of the stele, 
Thirty-fiw days after pollination tlje inbreds are not sig-
nifioantly different in areas of either stele oi? cortei:* 
At 40 days after pollination the inbred 11S49 is significantly 
larger than MWf in area of oorteai, but not significantly dif­
ferent in area of stele (figs. IS, 19). 
Jkt SO days after pollination the hybrids me not sig-
BifiCioatly different in transverse sectional area of either 
stele or oortex. fhirty-fiw days after pollination, B1349 
X 1317 is sipilfioantly larger in transverse sectional area 
of cortex, but not significantly different in stele. At 40 
days after pollination B1349 x IiSl7 is significantly larger 
than its reciprocal in both stele and cortex {Figs. SO, 21). 
Mean transverse sectional areas of radicles of the 
inbreds and reciprocal hybrids and least sigBlflciait dif­
ferences appear in fable 12. 
At SO days after pollination, h&th, hybrids are signifi­
cantly larger than either parent in transverse sectional area 
of both cortex and stele, fhirty-five days after pollination 
there are no signiflcwjt differences in area of cortex. 
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fabl# 11. Mmljala of farlanc# of Trasfivtri® 
SeQ-feioual jj'tas of •fete# la<3iol«s, 
SO, SS, aaifl 40 Days aftar PolllnatloK. 
• • • • • 
Baturaaa 
©poapsi 
{5 i.f.) 
'1.1.. ' 
Within 
Groups 
(s@ a.f.) 
M.S. for TtatlBg th* 
Batwaao 
fabra^a %bri38 
iia.f.) (1 a.f.) 
30 Btgrt 
Oortax 14S00® mm 224 1008 
Stala mu mm* 4@1 
fotsal 30246 4W mm 2&m 
i@ Days 
GoFtax 16010 @4i@ 941S 
Stala 1800 4f4 S72 1140 
total 26072 44f3 SS46 2B§58** 
40 Payg 
Oortax iiei@ %Bm 9S4gO* 52429^ 
Stola M$9 til 29 3976«* 
fotal &mw sois 9S088® 86288»* 
• All K 10-® 
^ F lapgay l^an tatoulatad iralwa 
laFgasP than tatenlatad 1^ valua 
Fig* 18. frassviM® s«0tloia of tb® radlel® 
®f inbrei mVf' ihowing relatlvAly 
saall 40 dayt* *60 
Pig. If. trmmvevne s«otioii of tb® radiol® 
©f tb® inb3?®d 1134f, ibowliig 
i»«latiwly large ©oi»li«x, 40 days. 
xSO 
fig. 20. fi»aniv«3?i« seetlon of th® radlcl® 
of th® fayteid E51f x 11349, 40 dayo. 
xm 
Fig. il. !l?3Pansv«i»a« ®«etioii of tb® radiel® 
of tb® hybrid B1349 x mV7, 40 day®. 
xm 
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falkie itaiQ fx>aiiivd2>s« Satticie^al iJ*ta of lacSieles, 
30, dB$ aQd 40 Bays aftei* F@Ilii}atioi)« 
Ci» 8^* 
""' " '"• """" gM i.m.Miii||.|.i.|;,yi[|tf. y, 
MIM9 t^X7 
SO Bajfi 
OQr%«.x .4@ai *4^ ?© *4@1S •41ig .0061 
itala .urn af62 • 18S8 .1410 .0300 
Total .§921 .$mB •#770 .5®72 .0i@4 
m 
Oeiftax .®#6f .@@@9 .57SS .0603 
St# la .ims • .t®16 .2167 .li4@ .0266 
fotal .7S« .76®® .84a© .7669 .0814 
lyt 
•iifg .ilii • .71S6 .6766 .0624 
stala .207® .217® .2460 .@064 .0207 
fofcal .7440 .isio .iil@ .8819 .0668 
-S6-. 
Bl®4i * Ii317 still e3Et®®ds iti femal® parent in area of 
st«l®. Forty dayi after pollination,' mVf x B1349 is slg-
Bifieantly larger tha» Mil in whereas|> B1S49 at 
liSl? if significantly larger th'Oa 1134© in stele. 
fbe raflieles of the inbreis and hybrids were also COM-
pared on the basis of ttoe total transverse seetional area 
of the aetaatylem eleaeuts present, ffeese eoMparisons appear 
in fable 13. 
Table 13. Analysis of farianee of fotal fransf©rse 
Seetional Areas of letaxyleM lleaents, , 
50, SS, and 40 Bays after pollination. 
• *.S. ' M.S. 'm.^ . 'for'feeting ilae 
Between • Within., . pifferenee Between 
©roups toosipa ' inbred s »te<3a 
CS 4>f>) (Si t.f.) (1 d.f.) g d.f.) 
SO Bays iwmm I.441S44 Sf411 ®0S 
m n§mm is4mm 14742 @i8i9® 
40 Days 121iliS@ ISOSfif lfi8780i lf©02120«* 
• lar^ r than tabulated faltte 
the inbreds do not differ signifioantly in total tePans-
verse seotional area of aetaiEyleii elements. The hybrids do 
not differ significantly In total t^ans^erse sectional area 
of aetanyleiB ire#sels at 30 or 38 days. At 40 days, the 
hybrid'B1S49 x WIT la si^lfleantly larger than its 
reoiproeal in total transverse seetional area of aetajtylea 
eleaients. 
m^m 
aeotiojaal area of mataaEylea alemanta of 
Xnhm&M an^ raeiprooal hjbrii® a«id laast significaBt 
dlffaraneas ar® glT«n liU'fabJ.® i4« • 
faM® 14« lf«aii f©%al fraaivers® ieetiosal 
Ar«a ©f M«taaiyl«a llaaestst 30# 
•SS» aiai 40 ©ays aft®r Polll»atioii. 
Clp af» aiieroBi) 
 ^ fSTf SWIT iBWx IBiS 
Mwm mil 
30 Day® 6S24 802S SOS® ©610 1460 
35 Bays TOi ®0?4 mm 7i®5 1513 
40 Day® ®4?1 8983 10®S0 9050 138® 
fh® Ijylrii IMVf x S1349 ®xee«'<3a Ife® f«iialo paraiit slg-
aifioantly in total trans vara® s®©tlo»al straa of »«ta3Eyl«m 
®l®ia®istf at 30 iaya. fJais aiirantag® la »ot ®aintain®a at 35 
ana 40 dayi. fb® ^ bria B134t x ISII' is sigBifieantly largar 
thm ita f«mal« parent ira total transv®r«® aeetioaal ar«a of 
a®tajcyl®m «l®m®i^t8 at 30» 35# a»d 40 iayi. 
i, ©a-^ftlopmaiat of S®«isal loots 
fli@'r©gion of semlual root iaitlatioiR li«s just abov® 
^0 aowt®llar'i3c^«. B®0a\a»« tfctei® roots do aot o«®rg« p®r-
pendieular to the Main axis of th® «al>:^©, serial tranavar®® 
saotioBs abow tbem In ofelifu® seetion. ©iarefor®. It was 
not poaslUle to malfe® ooaparabl® seotioiaal araa Bieaiuroaant®. 
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o'bstr^ationa mere wa^e as to tlm® of sealnal root 
initiation# and diffarantiation# 
At SO days aftaf pollination Mlf ioas not show any 
indioatioBS of saminal root initiation# thm lnbi»«3 B1S49, 
at 30 dayin has two saralnal. roots initiatad on the posterior 
sia® of the embryonic axlt# aeainal :^ota are eirident in 
B134t X WXf at this date but laoking in the peoiprooal# 
At SS days seminal roots are atill absent in LS17 but 
haire appeared. In the hybrii IMlf m B1S49* fhe Inbrei B1549 
and the hybrid B1349 x mVf both hair® two well-formed seminal 
roota on the posterior aide of the eabryonio axii at thia 
age, and both hafe a leas adfaneed seminal root on the 
anterior aide of the axis. 
At 40 days after pollination the inbred 1317 showa 
aotivity in the perioyole in the initiation of seminal roota. 
this activity ia recogaiaei as an area of densely stained 
eells (fig* So re©0|gtiliable hiategens are evident, 
the inbred B1S49 has three well-^efeloped semiaal roots 
(rig. 23). fhe seainal root on the anterior face does not 
appear in ttiia figure as it is at a sll^tly different 
level, fhe ealyptra# peribleai, and pleurome are distinet in 
the two posterior seminal roots while the anterior seainal 
root is less advanoed'. fhe seainal root®,of the hybrids do 
not appear to be as large as those of B1S49 but are approxi­
mately equal to B1S49 in histologioal development, fhe 
Fig, i2, s«ctiois ©f the basal 
portion.of the first .infc®fno<3® of 
inte®d 1317j>. showing r©sl®ii of 
s»Bilniil iKJofe initifttioa, 40 days, 
3EiO 
Fig. 2S« Trans'9'«rs« ssetion of th« basal' 
portioB of th# first intsrnod® of 
iRbrsd BlS4i, showing two w«ll-
<i«ir®lop«d ®®mi«al roots, 40 days, 
xso 
Fig. i4, fraasirers# s®®tioB of th« basal 
portioB of th« first iBt«r»od« of 
hybrid £317 3C »134S, 40 d^s. xiO 
Fig* 2S. fraiisT«rs® s®©tio» of th« basal 
portion of tb® first l»t®TOode of 
hybrid B134© x 1317, 40 days, x@0 
""SSb"" 
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B1340 X Wlf (Fig# 2S) li aof® a<3vaBet<3 %hm itu 
rmipwm&l (Fig. 24)• 
fb® ii3te©aa I31f ani B1S4S mm stpikifigly diff®i*«nt ia 
i«ir®lop»»»t of s«Miaal po®tSi Botis liyto*»iia approach th® aor® 
irigorous paff«iat in 
f. Discmsioi 
Previous investigations of heterosis have shoim that on 
the basis of dry weight hybrid aaiae embryos may be leas than, 
equal to, or greater than the eMjryos of parent inbreds. irhe 
present study was undertaken to explore the posiibility that 
heterosis raay be expressed in hiatologieal or Morphological 
development of different parti of the «aiae eabryo. Obser­
vations will be discussed in the order presented in the 
previous section. 
fhe two inbreds l&V! and B1S49 differ markedly in embryo 
development as early as S days after pollination. Embryos 
examined at 5 to 15 days indicate that 61349 is the larger of 
the two inbreds and ia more advanced in the activity of the 
meristerns which initiate the plmule. fhe two hybrids are 
intermediate and tend to resemble tfeeir female parent. 
fhe two inbreds chosen for study differ markedly in 
plumule developaent with respect toi (1) time of initiation 
of leaves I (2) activity of mrginal leaf meristerns; <3) size 
as indicated by transverse sectional area of plumular organs. 
fhe hybrid embryos iI3V7 x B1349) grown on the same ears 
with the less vigorous parent (£S17), surpassed the inbred 
embi^os of the maternal parent in pluaular development 
throughout the entire period of embryo grow'th ^ich was 
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fh® «xpr©ssioJ3 of het@i»©als in this instauc# con-
iists off (2.) inertased Itaf iultiatlug activity of the 
apical meriiteai (2) i»03?eased actiirity of marginal leaf 
meristerae as jtadged hy lateral expansion of leaves | (S) 
increai® in total plumule lise as Indicated by transverse 
sectional area, this l^bridn LSI? x B1349, dioes not equal 
its male parent during early growth but if approximately 
equal to the aale parent at 40 atys* 
fhe hybrid embryos > B134i x ISllt g!tom on the same 
ears with the «ore vigorous inbred# B1S49, were found to be 
inferior to the eabryos ©f the maternal parent in pluiaular 
development, until appitJXlaately Si dayt after, pollination. 
At 40 days the hybrid 11349 x t&Vf turpasied the inbred B1349 
in transverse sectional area of the coleoptlle and the first 
and fourth leaves, but was otherwise approximately equal to 
th® iiat®«ial inbred# fhis l^brid surpassed its Male parent 
throughout the entire period of plumular development on the 
basis of all criteria used In Judging comparative develop-
«ent. 
fhe differences between inbreds in rate of leaf Ini­
tiation which were noted are In agpeeaent with observations 
of comparative development of these lines after gerainatlon* 
fhe inbred E517 is a late maturing Inbred# fhe hybrid ISlf 
X B1S49 and its reciprocal differ in rate of leaf Initiation, 
Since these two hybrids are genetically identical the 
-4g-
diff®r®ae« idgtat b® ©xplaiaed as tia® result of the maternal 
Influeu®® mentioned by Sprague (IS)# Srosasmann and Sprague (6) 
and others, the fact that il349 x I®IT equals the more 
vigorous parent in leaf initiation may indicate that those 
genei from B1S49 which influeno© this growth prooesa are' 
dominant* 
fhe faot that B1S49 x t&VI exceeds its more vigorout 
parent in total transwrse seetional area might be explained 
ai the result of additive or eompMoenta:^  effect of genes 
from both parents, Sprague (IS)# An alternative explanation 
may be that this difference is dm® to the effect of hybrid 
endosperm* 
fhe inbred® in thii study are strikingly different in 
tranaverae sectional area of the cortex and atele of the 
first intemode. 
fhe hybrid embryos, 1^ 3If x B1S4® ^ rown on the aame ears 
with the less vigorous inbred I3lf surpass the inbred embryos 
in transverse sectional area of cortex and stele of the first 
intemode# there is an exception at SS days where there is 
no sigaificant difference in the stele. 
fhe hybrid embryos, B1S49 x IjSl'?, grown on the saine ears 
wife the more vigorous inbred B1549, are equal to the embryos 
of th®' aaternal Inbred in stelar enlargement, but do not 
becom® equal in cortical enlargement until after SS days. 
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Inflwa©® in th# itTtlopwtnt of tia# flrtt inter-
»oi« la l>y tlio faot that th« liybrid ««l3i*yoa grown on 
th« laor© irigoroua librai swpafs tfe® aabi^ oa of tb« reeiprooal 
hfbrli In trmasvara® sastloaal arsa of atala aud oorteac at all 
agaa • 
fb« iabraQi tJ&Xf ai^  BlMf art »ot o^ fiomaly ^ iffarant 
In th® hlatologloal i®v®lopi®»t of th« radlele. Biff®!*®!!©®® 
whiola So ®xi8t eo»ai«t largely'in th®, r®latlv« 0nlarg®i9«nt of 
atal® aB4 eort»3E* litb r®sp«©t to stelar ®eilarg®B«»t th® 
intor®a 1317 la amperlor to B254i at SO daya but <io®a sot 
maintain tbls afltantag®, fh® lubraa B134S attaina a alight 
»\ip®riority in tranawra® a«©tional ar«a of th® eort®x 40 
<3aya aft«r pollination. 
fb® ©atoryoa of th® liybr£<a ISlf x 11S49 ar® superior to 
thoa® of tb® inbr®i I&lf in tran»v®r8« ®®etional ar®a of th® 
©ortoat at SO an^ i 40 daya aft®r pollination, lowowr, thia 
hybrid# tSlT x lls4i# la not auparior to its mat®mal parant 
in atel® at any age. the e«bryoB of tb® hybrid B1349 jc ESIT 
ar® auperior to thoa® of the inbred B1349 in tranavara® 
aeotional ar®a of both atel® and oortex at SO dajra. By S5 
daya after pollination t^ ia hybrid, JllS4i x WVf, baa loat 
ita auperiority in toanavorae aeetional area of cortex, but 
exoeeia ita »aternal parent in tranairerae seotional area of 
atele at all agea. 
fht atJov® eoapaplsoRi IMmte that IS17 ©ontrlbmtes 
fa-vopahl® g«B«a for th® growth of stal®, i^ ereaa B1549 
eoatrihutts fawrabl® g«a«« for geowth of eortax. Therefor®, 
heterosle in the radloX® is th® result of the coMtotoedl effeot 
of favorable genee that are ooutrihuted hy both |>are»ta, 
and whioh Influeiaoe histogexi®®!®* 
In 8®fflinal root developnent the otttstau^ lng <iiff«r®ne« 
between the inbreds ia th® ti«® of initiation# Seminal root 
development in 1134i is aor® advanced than in wher®a8» 
both hybrids approach th® aaar® advanced parent, fhia situation 
agrees with reapeetive developaent in th® pltwul®# fh® g®n®s 
which influ®nee early initiation of aeainal roots app®ar to 
b® dominant, A maternal effeot is indi©at«d by th® faet that 
seminal root development in the hybrid eaibryos, grown on the 
same ear with th® mor® advanced inbred eabryos, exeeede 
s«alnal root davdlopnent in fc^ b^rld embryos grown on the less 
advanced inbred* 
wx. smmms 
fhe preaant Invaafclgatlon was undartaken to axplor© th® 
poiiiMlity that hataposls may to® ©xprassai in histological 
and morphological dsvslopmant of diffarsnt parts of th« 
laaia® emteryo. 
Tht two dent inbr«d lines 131? aud 11349, and their 
reciprocal hybrids w«r® ©hoaan for detailed study becauae 
preliminary observations revealed that teiese inbreds differ 
itrlicingly in histological development. 
A split-ear pollination technique was employed, itoereby 
Inbred and hybrid kernels were groiRJ on the same ears* 
Stabryoa of each inbred and each of the reciprocal hybrids 
were studied S days after pollinationf and at S day intervals 
thereafter oatil 40 days after pollination. 
Comparisona were aade on tfee basis of visual study of 
longitudinal aid transverse sections of the embryos at 5, 
10, and 15 days, and serial transverse sections of embryos 
from 20 to 40 days after pollination. Four levels were 
chosen as the chief regiona- to be compared, fheae werei' 
CD the transverse section of the plumule at the level of the 
apical merlsteaf (2) 'a transverse section near' the basal 
portion of the first internode, above ^ e region' of seialnal 
root initiationf C3) the transverse section at the level of 
i©MlntX root inltiatioiaj {4) the transwrs# seotion of th« 
radlol® at tla® most proxiKal r®glofi at wblefe it la separated 
from the ooltorhlaa fey a ©left, lit l®v«ls 1» aBd 4, 
viiual otJiorfatians wsro iiapport«d toy ffl»asur«a®iits of trans-
v«rs® ssotional ar«a aisd by statiatloal analysis of tb® 
data. 
Histological ©xpreasioB# of heterosis ar® ®"fld«nt in 
pltMular d«v®lop»»t.# Botto reeiprocal hybrid® surpast th® 
less vigoromi tobred in rat® of leaf initiation# aetivity 
of Marginal leaf m«rist®as and tranavers® ieotional ar®a of 
plmular organs, the hybrid eabryos growj on th® a am® ears 
with th® More vigorous inbred surpata the laor® vigorous 
iX lnbr®d 40 days after pollination, but the reelproeal .l^brid'^ 
i-a •still interaediat® in development at this age. fh® 
dlfferenoea between reelprooal hybrids ar® interpreted as 
the expreaslon of Mat®ffial effeet#, 
Ixpressions of heteroiii ar® also ®vident to th® d®velop-
ment of th® first lnternod®» ajth hybrids ®xc®®d the less 
vigorous Inbred parent in total tranaverse seotlonal area 
of the-first .intemode# .but neither hybrid eaceeeds the- more 
vigorous parent in fels r©ip«et«. 
Sjipr®sslon of het«ro«is in the radiole is quite evi­
dent. fh® inbreds do not differ slgnifieawtly in total 
tranavers® seetlonal area of th® radiol® at SO days, but 
liSl? la larger th«i B1S49 in area of st®l®. ly 40 days. 
-47. 
11349 ii superior in transverse area of oortex. These obser-
iratlons, a® well as the faot that both reoiproeal hybrids 
exeeea either iabre^ J pacent In traaatrerae seotioBal area of 
both itele ai3<a cortex at 50 aud SS iays, indioate ttoat ISl? 
eon tributes favorable gewes for stelar developiaent,* ^ lereas, 
B1S49 ©oatributes favorable gmm for oortioal development, 
the obaervedi heteroeia is thus the result of favorable genes 
from both parents* 
fhe oofflparative e^velopaent of seminal roots alao pro-
viflea evidence of heterosi®. fhe inbreds are obviously dif­
ferent in time of initiation of seminal roots• fhe reoiproeal 
I^ brids are inteiwdiate, but they tend to approaeh the more 
advanced parent in this respeet^  In size of seminal roots 
and differentiation of hiatogensn both l^ brids far eicoeed the 
leas advanced inbred# Ifeither hybrid appreciably surpasses 
the more advanoed inbred in seminal root development. 
-4i-
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